The aim of this study was to clarify the effects of gestational age and birth weight on outcomes of the infants. Medical records of 36 infants with trisomy 18 admitted to Tokyo Women's Medical University Hospital from 1991 to 2012 were reviewed retrospectively. We compared clinical characteristics between term infants (n ¼ 15) and preterm infants (n ¼ 21). There were one very-lowbirth-weight (VLBW) term infant (5%) and 12 VLBW preterm infants (80%). Although there were no significant differences in clinical characteristics and provided management between the two groups, none of the preterm infants achieved survival to discharge. On the other hand, 6 of 21 term infants (29%) achieved survival to discharge (P < 0.05). Similar results were obtained for comparisons between the VLBW infants and non-VLBW infants. Multiple logistic regression analysis revealed that shorter gestational age had a more negative impact than lower birth weight to survival to discharge in infants with trisomy 18. In both preterm and term groups, the infants who died before 30 days commonly died of respiratory failure or apnea. Whereas, the infants who survived more than 30 days mostly died of heart failure. Key words: trisomy 18; very-low-birth-weight infant; preterm; mortality; prognosis
INTRODUCTION
Trisomy 18, first described by Edwards et al. [1960] ; is the second most commonly diagnosed autosomal trisomy among live-born infants, with an incidence of between one in 3,000 and one in 10,000 [Carter et al., 1985; Goldstein and Nielsen, 1985; Young et al., 1986; Root and Carey, 1994; Embleton et al., 1996; Rasmussen et al., 2003; Jones, 2006] . Trisomy 18 is characterized by multiple anomalies, and even with medical intervention, the expected lifespan is very short: the median survival duration has been reported to be 2.5-14.5 days [Carter et al., 1985; Goldstein and Nielsen, 1985; Root and Carey, 1994; Young et al., 1986; Root et al., 1994; Embleton et al., 1996; Brewer et al., 2002; Rasmussen et al., 2003; Jones, 2006; Lin et al., 2006; Hsiao et al., 2009; Vendola et al., 2010] . Although McGraw and Periman [2008] reported that attitudes of delivery room management have been changing, management of infants with trisomy 18 is controversial. It is indeed very difficult for caregivers and families to determine whether or not to withdraw resuscitation and treatment of such infants [Carey, 2012] .
Recently, Boghossian et al. [2014] reported poor mortality and morbidity of very-low-birth-weight (VLBW) infants with trisomy 18. Other studies reported a difference in the prognosis of infants with trisomy 18 between those born term and preterm, between those with and without cardiac anomaly or esophageal atresia, and between male and female infants [Niedrist and Riegel, 2006] . However, Guon et al. [2013] showed that differences in the plan of care provided to each patient affect the prognosis. Another report from Japan showed a positive effect of intensive care on the prognosis [Kosho et al., 2006] . Carey [2012] reported that to make the better plan for each patient, it is important to provide accurate information to the patients and their families about the outcome. Although there are many reports on the prognosis of infants with trisomy 18, it is still unknown how gestational age, birth weight, and plan of care affect the prognosis of such infants. Our purpose was to clarify the effects of these factors on the prognosis of infants with trisomy 18.
METHODS
Infants who were born from January 1, 1991, through December 31, 2012, and who were admitted to our neonatal intensive care unit at the Tokyo Women's Medical University Hospital were eligible. The infants who were diagnosed with trisomy 18 by chromosomal analysis were enrolled in this study.
Our institute has level III neonatal intensive care units and neonatal surgery and cardiovascular surgery divisions. Our policy for the management of infants with a confirmed or strongly suspected prenatal or postnatal diagnosis of trisomy 18 is to provide information about the natural history of trisomy 18 and discuss the management plan with the parents. After the discussion, we decide a plan of care for each patient. In cases of prenatal diagnosis, we discuss with the parents and decide the management at birth. If the infant can survive the perinatal period, we have another discussion including caregivers and parents and decide a subsequent plan of care. Infants who are more than 37 weeks of corrected gestational age and who need no intravenous drip infusion of any medications are eligible for home medical care. If the patients fulfill these criteria and the parents want home medical care, the patients are discharged from our hospital with respiratory support and enteral tube feeding, as needed.
We collected both maternal and neonatal clinical data. Gestational age was calculated from the first day of the last menstrual period and confirmed with a crown-rump length measurement in the first trimester. If the estimated gestational age differed from the calculated one, the scan date was used. Small for gestational age (SGA) was defined as birth weight <10th percentile according to Japanese reference data [Itabashi et al., 2010] . Survival duration was defined as time from each infant's birthdate to the date of the last clinic visit or the end of the study (December 31, 2013) . We defined coarctation of the aorta, interrupted aortic arch, and hypoplastic left heart syndrome as patent ductus arteriosus (PDA)-dependent congenital heart disease. We also defined all gastrointestinal disorders that could affect the prognosis and required treatment as a gastrointestinal (GI) deficit. Congenital diaphragmatic hernia and esophageal atresia were analyzed separately, because of their lethality. We classified mechanical ventilation, when it was used for improvement of a respiratory condition, unless it was used only for perioperative management. We reviewed all of the medical charts of each infant and collected information from the medical records about parents' attitudes toward the management and plan of care. According to the decided plan, we classified the medical management of patients with trisomy 18 at birth and their subsequent neonatal management into three grades: full intensive care (grade A), limited care (grade B), and palliative care (grade C). The grade A treatment plan provides all care needed to manage the complication with the goal of survival and discharge. Operative procedures such as palliative and definitive repair were determined according to the patient's condition. For grade C treatment, all invasive procedures except for oxygen administration are withheld. The infants were given conservative and supportive care. Grade B is an intermediate plan between grades A and C. Namely, the grade B treatment plan provides partial care needed to maintain the patient's condition. For grade B treatment, procedures such as mechanical ventilation and blood transfusion were performed. Surgical intervention was not performed except for gastrostomy for congenital esophageal atresia or repositioning of a hernia into the umbilical cord and omphalocele.
We compared clinical characteristics and outcomes between preterm (gestational age <37 weeks) and term (gestational age !37 weeks) infants with trisomy 18. Secondarily, we also compared VLBW (birth weight <1,500 g) and non-VLBW (birth weight !1,500 g) infants with trisomy 18. For comparisons between the two groups, we used Student's t-test or Wilcoxon-Mann-Whitney test for continuous variables and x 2 test or Fisher's exact test for categorical variables. For these analyses, a P value <0.05 was considered statistically significant. We also performed stepwise multiple logistic regression analysis to identify the clinical factors contributing to survival to discharge. A P value <0.20 was used for valuable remodel in the stepwise multiple logistic regression analysis. The statistical software used was JMP Pro version 11.2.0 (SAS Institute, Cary, NC).
Ethics approval was obtained from the ethics committee of Tokyo Women's Medical University.
RESULTS
The demographic data of patients and their mothers are shown in Table I . All 36 patients were full trisomy 18 (15 boys and 21 girls). All of them in this study were SGA infants. Median maternal age was 37 years old. One mother got pregnant by intracytoplasmic sperm injection and another by gamete intrafallopian tube transfer. The rest of the mothers conceived naturally. Maternal complications included diabetes mellitus (n ¼ 2), chronic thyroiditis (n ¼ 2), ovarian cyst (n ¼ 2), mild pulmonary stenosis (n ¼ 1), asthma (n ¼ 1), and uterine myoma (n ¼ 1). Antenatal steroid was administered in three mothers, all of whom had preterm labor. A prenatal diagnosis of trisomy 18 was not made in these patients, and their parents wished full intensive care (grade A). Tocolysis, with ritodrine hydrochloride, magnesium sulfate, or both, was induced for threatened preterm labor in 13 patients, but in four of these patients, the medication was discontinued when their babies were diagnosed as trisomy 18 by amniotic fluid tests.
The median birth weight of the study infants was 1,659 g, and because all infants were SGA, we divided the study infants into two groups based on a cutoff birth weight of 1,500 g. Mean standard deviation scores of birth weight, height, and head circumference were À3.32, À2.72 (n ¼ 34), and À1.48 (n ¼ 34), respectively. Two patients had no record of height and head circumference. Although some kind of congenital syndrome was suspected in 27 of 36 cases, amniotic fluid was tested in only 18 cases. In two of these cases, the infants were born before the results of the test became clear, and a prenatal diagnosis was made in 16 cases. Among the 18 cases whose amniotic fluid was not tested, three infants were born before the parents decided to have the fluid tested; in six cases, the parents did not wish to have the fluid tested; and in the remaining nine fetuses, there was no suspicion of any chromosomal anomalies. These nine infants were suspected of having trisomy 18 after birth, because of characteristic facial appearance, cardiac anomaly, cerebellar hypoplasia, or other anomalies. We performed chromosomal analyses on peripheral blood of the infants after getting informed consents from the parents.
All but one of the infants had congenital heart disease, including ventricular septal defect (VSD) (n ¼ 17), double outlet right ventricle (DORV) (n ¼ 6), tetralogy of Fallot (TOF) (n ¼ 3), hypoplastic left heart syndrome (HLHS) (n ¼ 3), atrioventricular septal defect (AVSD) (n ¼ 2), single ventricle (n ¼ 1), Ebstein's anomaly (n ¼ 1), DORV with AVSD (n ¼ 1), and aortic coarctation and DORV with AVSD (n ¼ 1). GI disorders of the infants included esophageal atresia (n ¼ 6), omphalocele (n ¼ 3), congenital diaphragmatic hernia (n ¼ 1), imperforate anus (n ¼ 1), intestinal malformation (n ¼ 1), and pyloric stenosis (n ¼ 1).
Of the 36 patients, 20 (56%) survived the first week, 16 (44%) the first month, 11 (31%) the third month, and four (11%) the first year of life. The median survival was 12.5 days.
The study flowcharts and main outcomes are shown in Figure 1 . The parents of 17 infants wished full intensive care (grade A). In the grade A group, four infants did not need any resuscitation. In the grade C group, two infants received oxygen administration, but none received stimulation. Prenatal diagnosis of trisomy18 was made in two (11.8%), eight (66.7%), and six (85.7%) infants in grade A, B, and C groups, respectively. In subsequent management, two patients underwent cardiac surgery in the grade A group: pulmonary artery banding (n ¼ 1); and pulmonary artery banding and VSD closure (n ¼ 1). Three patients in the grade A group underwent GI surgery: surgical repair of the omphalocele (n ¼ 1), gastrostomy and surgical repair of the GI perforation (n ¼ 1), and gastrostomy and esophageal atresia repair (n ¼ 1). Two patients in the grade B group received manual repositioning of an omphalocele as a GI surgery. In the grade B group, all four infants who received mechanical ventilation had not been diagnosed prenatally with trisomy 18. Therefore, they received grade A management at birth and were intubated. In the grade C group, one patient with diaphragmatic hernia, VSD, and atrial septal defect received mechanical ventilation at birth. The diagnosis of trisomy 18 in the infant was made after birth. 5.5 (1-9) Congenital heart disease, n (%) 35 (97%) GI deficit, n (%) 13/34 (36%)
Delivery room management Grade A n = 17 Grade B n = 12
Neonatal management Grade A n = 9 Grade B n = 16 Grade C n = 11 Mechanical ventilation, n (%) 5 (56%) 4 (25%) 1 (9%) Cardiac surgery, n (%) 2 (22%) 0 0 GI tract surgery, n (%) 3 (33%) 2 (13%) 0 Tracheostomy, n (%) 1 (11%) 0 0 Blood transfusion, n (%) 6 (67%) 1 (6%) 0 Hospitalization, median (range) 8.5 (0-404) Survival days, median (range) 12.5 (0-898) d, days; GI, gastrointestinal; SGA, small for gestational age; w, weeks.
Regarding the relationship between neonatal management and prognosis, of six infants who survived to discharge, two infants received grade A neonatal management and four infants received grade B management. Our results show a tendency for more infants with grade A or grade B management to survive to discharge compared with grade C (P ¼ 0.099 and 0.08, respectively), but the differences were not statistically significant and there was no difference between grade A and B. However, infants receiving grade A management survived significantly longer (median, 152 days) than infants receiving grade C management (median, 0 days) (P < 0.01), and infants receiving grade B management survived longer (median, 29 days) than infants receiving grade C management (P < 0.01). Infants in the grade A group also tended to survive longer than those in the grade B group, but the difference was not significant (P ¼ 0.06). There were also no significant differences in the incidence of survival to discharge and survival duration between the groups in regard to delivery room management.
The comparisons of clinical characteristics between the preterm and term groups are shown in Table II . Of 15 infants in the preterm group, 12 (80%) were VLBW infants, whereas of 21 infants in the term group, 20 (95%) were non-VLBW infants. The rates of delivery room management and neonatal management in each group were not significantly different between the two groups. The infants who underwent cardiac surgery were included only in the term group. However, the ratios of cardiac surgery and other medications or treatments, including mechanical ventilation, GI surgery, and blood transfusion, were not significantly different between the two groups. The incidence of survival to discharge was significantly higher in the term group (29%) than in the preterm group (0%) (P ¼ 0.02).
Survival duration was also significantly longer in the term group (82 days) than in the preterm group (2 days) (P < 0.01).
Similar results were observed for the comparisons between the VLBW and non-VLBW groups. The median Apgar score at 1 min was significantly higher in the non-VLBW group (P ¼ 0.02). However, there was no significant difference in other clinical factors, delivery room and neonatal management grades, and all treatments including respiratory care, cardiac surgery, GI surgery, and blood transfusion between the two groups. No infants in the VLBW group survived to discharge, but 6 of 23 infants in the non-VLBW group survived to discharge (P ¼ 0.04). The median survival duration was also significantly longer in the non-VLBW group (57 days) than in the VLBW group (4 days) (P ¼ 0.03).
In our population, both preterm birth and VLBW had a negative effect to survival to discharge. We categorized the study infants to Preterm VLBW group, Preterm Non-VLBW group, Term VLBW group, and Term Non-VLBW group. The populations of each group were 12, 3, 1, and 20, respectively (Table III) . The median survival duration in each group was four (range, 0-274), one (range, 1-2), two (range, 2-2), and 86 (range, 0-898), respectively. An infant who was preterm and Non-VLBW was provided intermediate care (grade B). He had teratology of fallot and malrotation of small intestine. He died of apnea. Another infant who was term and VLBW received grade B neonatal management. She had esophageal atresia and coarctation of aorta. She also died of apnea. The other infant who was term and VLBW had congenital diaphragmatic hernia. She was not diagnosed as trisomy 18 prenatally. Although her parents wished palliative care to the infant (grade C), she died of PPHN. The sample sizes were too small to compare statistically the effect of prematurity or that of birth weight to survival to discharge.
To clarify which factor has a stronger effect on the outcomes, we applied multiple logistic regression analysis to our data. We designed a model that contained survival to discharge as response variable, sex, standard deviation of birth weight, Apgar score, mechanical ventilation, any medication, any surgery, PDA dependent cardiac anomaly, congenital diaphragmatic hernia or esophageal atresia, and preterm birth as explanatory variables. The other model contained VLBW infant as explanatory variable, instead of preterm birth. A comparison with a likelihood ratio test of 34 infants (data were incomplete for two infants) revealed that the model contained preterm birth had superior fitting to explain the survival to discharge. Furthermore, we analyzed whether the survival to discharge could be affected by each of the following clinical factors: male sex, gestational age, birth weight, extremely SGA (<4 standard deviations), severe asphyxia (Apgar score at 5 min <4), PDA-dependent congenital heart disease, congenital diaphragmatic hernia or esophageal atresia, sepsis, mechanical ventilation, any surgery, and any medications. We adopted gestational age and birth weight as continuous variables instead of preterm and VLBW-infants, because we had no preterm and VLBW-infants who could survive to discharge in our population. Univariate logistic regression analysis revealed male sex, gestational age, birth weight, severe asphyxia, and mechanical ventilation were negatively associated with survival to discharge (P < 0.20).
Stepwise logistic regression analysis revealed that shorter gestational age was the only independent factor to negatively affect the outcome (P ¼ 0.02) (Table IV) .
Survival analysis using a Kaplan-Meier survival curve is shown in Figure 2 . The survival rate was significantly higher in the term group than in the preterm group (P < 0.05). Similarly, the survival 
VLBW, very-low-birth-weight.
rate was significantly higher in the non-VLBW group than in the VLBW group (P < 0.05).
We also examined the causes of death in the preterm and term groups (Table V) . One infant was excluded, because the cause of death was not confirmed. In both groups, the infants who died before 30 days commonly died of respiratory failure or apnea. The ratio of heart failure as the cause of death was increased in infants who survived more than 30 days compared with infants who died before 30 days.
DISCUSSION
Our results show that it was difficult for infants with trisomy 18 born less than 37 weeks of gestational age to achieve survival to discharge, as the infants born at such a stage of prematurity do not have a favorable prognosis and medical treatments for neonates are still being developed. Thus, the parents of preterm infants with trisomy 18 should be informed of the potential poor outcomes.
Several reports have stated that gestational age or birth weight affects the outcome of infants with trisomy 18. Kosho et al. [2013] demonstrated that mean gestational age was older and mean birth weight was greater in infants with trisomy 18 who survived more than 1 year compared with those who died less than 1 year after birth. According to the influence of gestational age, Wu et al. [2013] reported a difference in survival duration between term and preterm infants with trisomy 18. In this report, median survival duration was 35 days for term infants, 9 days for infants born at 32-36 weeks of gestational age, and 2 days for infants born at <32 weeks of gestational age. Niedrist and Riegel [2006] also showed gestational age at delivery was a strong predictor of survival duration in such subjects. Boghossian et al. [2014] reported a 9% survival to discharge of VLBW infants with trisomy 18 using data from the Neonatal Research Network in the United States. Our findings were compatible with those of the previous reports. During the study period, there was no survival to discharge in preterm infants with trisomy 18, although they received the same management as the term infants. Because the VLBW and preterm categories overlapped in almost all infants in our population, it was difficult to distinguish the effects on outcomes of birth weight from those of gestational age. Therefore, we performed multivariate analysis using both birth weight and gestational age as some of covaluables. The result revealed that the effect of shorter gestational age was stronger than that of lower birth weight. The same as other infants, in the infants of trisomy 18, their gestational age had a great impact on the survival rate to discharge.
It is important to recognize the effect of the management plan on the prognosis. Guen et al. [2013] reported the plan of care for each patient with trisomy 18 strongly affected the patient's prognosis. Kosho et al. [2006] also reported improved survival of infants with trisomy 18 who received intensive care management. In this study, we took management into account in our comparisons between the groups. Our data showed that for trisomy18 patients, even if the same management is provided, it is more difficult for preterm infants to survive to discharge than term infants. Except for a tendency that more intensive care in neonatal management was provided to the term group than the preterm group, no significant difference was seen in either delivery room or neonatal management.
In this study, the median survival duration was 12.5 days. Survival rates at 1 week, 1 month, 3 month, and 1 year were 55.6, 44.4, 30.6, and 11 .1%, respectively. These results are compatible with previous studies [Carter et al., 1985; Goldstein and Nielsen, 1985; Young et al., 1986; Root and Carey, 1994; Embleton et al., 1996; Naguib et al., 1999; Nembhard et al., 2001; Brewer et al., 2002; Rasmussen et al., 2003; Lin et al., 2006; Hsiao et al., 2009; Vendola et al., 2010; Irving et al., 2011; Guon et al., 2014; Wu et al., 2013] .
Some factors related to survival have been reported in previous studies. Kosho et al. [2006] reported that being female could positively affect survival but having esophageal atresia or a prenatal diagnosis could negatively affect survival. GI anomalies, especially esophageal atresia and congenital diaphragmatic hernia, would also negatively affect outcomes in trisomy 18 infants. In the univariate analysis, these complications were not factors that contributed to the prognosis of our population. This is because our sample size and number of complications were too small to investigate the effects. Rasmussen et al. [2003] reported that congenital heart disease was also a negative factor for survival. However, except one patient in term group, all other patients had congenital heart disease in our study. In regards to cardiac surgery, only two patients in the non-VLBW group underwent surgery. Although we do not have a clear standard of birth weight and gestational age for cardiac surgery, it is often difficult for surgeons to perform pulmonary artery banding in low-birth-weight infants.
The most common cause of death in infants with trisomy 18 is thought to be apnea, which is what we found for the infants who died before 30 days. However, for infants who died after 30 days, heart failure was the most common cause of death. This result indicates that the main cause of death of trisomy 18 may vary by age. Further studies are needed to clarify this idea.
In this study, there are several limitations. First, although the same explanation and discussion was provided to the families of trisomy 18 patients, for the preterm infants with trisomy 18, parents and caregivers tended to choose more limited neonatal management. As a result, many of these infants were classified into the grade B or C group. However, actual management, including cardiac surgery, GI surgery, and mechanical ventilation, was not different between the term and the preterm group. Second, because our study period was 20 years, we could not exclude the possibility of a change in therapeutic strategy over the course of the study. There have been some changes in medical management during the long study period, but we reviewed all of the treatment plans in the medical chart of each patient and confirmed that our basic policy of trisomy 18 management, which is that medical treatment decisions are made after discussion between caregivers and families, has not changed. Third, our results showed no infants in preterm group survived to discharge, which seems somewhat immoderate. Actually, other reports [Boghossian et al., 2014; Niedrist and Riegel, 2006] showed survival to discharge in preterm infants with trisomy 18. These differences could result from differences in the population of infants or their management. Finally, this is a single-center study with a small sample size and not a population-based study. For further investigation, a multiple-center or population-based study is needed to clarify how gestational age or birth weight affects the outcome of infants with trisomy 18.
CONCLUSION
In infants with trisomy 18, both preterm and VLBW-birth negatively affect survival to discharge and survival duration. Gestational age has more strongly impact than birth weight to survival to hospital discharge in such infants. For the infants who survived over 30 days, heart failure was increased as a cause of death, added to respiratory failure or apnea in both preterm and term infants. Pulmonary hypertension (n ¼ 1) and acute pharyngitis (n ¼ 1).
